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METHOD AND APPARATUS FOR MEASURING 
FORMATION PRESSURE 

Field of th<>T^fn»,>n 

The mvention relates to the evaluation of earth formations. More spectficaDy. 
the invention relates to measuring pressure of an earth fonnation from within a 
borehole. 

US Patent Application Serial No. 60.1265 filed the same day as this appBcation 
describes aMETHOD AND APPARATUS FOR REMOVING MUDCAKE FROM 
BOREHOLE WALLS by Auzcrais ct al. 

Baclcgrounri nf the Tnv.^,>,| 

Currently, pressure of an earth fonnation is measured from within a borehole 
by using a tool sudi as the RFT (Mark of Schhrniberger. Repeat Fonnation Tester) or 

theMDT(MaikofSchhmibeiger.MbdularDynamicTestcr).forexample. Atoolof 
the MDT type is generally described in US patent No. 4.860,581 to Zimmennan et al. 
Briefly, the tool is lowered into a borehole and a packer of the tool is placed against a 
portion of the borehole wall to isolate that portion of the fonnation fiom borehole 
fluids. The packer surrounds a probe. As a "draw-down" pressure is applied at the 
probe, pressure at the isolated portion of the borehole waU decreases to a pressure 
substantially below that of the formation. This draw-down pressure effecUvely cleans 
the isolated portion of the borehole Wall by drawing mudcake from the borehole wall 
via the probe. This facilitates fluid flow from the formation. The probe then is filled 
with formation fluid, during the applied draw-down. The pressure inside the probe is 
lower than the formation pressure as a result. A pressure gauge connected to the 
chamber then indicates pressure of the earth formation. 

Suirmiarv o f the Inventinn 

The invention concerns an apparatus and method for measuring earth fonnation 
pressure from within a borehole. In one embodiment, a volume is defined by isolating 
a portion of the borehole wall from surrounding borehole fluids with a borehole tool. 
The volume contains fluid and mudcake adjacent the borehole wall. The mudcake 
within the volume is fluidized. Pressure of the volume is detected and a signal is 



produced representing pressure of the formation, as pressure of the volume and 

formation reach equilibrium. An earth formation characteristic is indicated based on 
the produced rignal. 

In another embodiment, a portion of the borehole wall is isolated from 
surrounding borehole fluids by placing a chamber aganst the borehole wall. Mudcakc 
present on the isolated portion of the borehole wall is moved into fluid suspension. 
Pressure of the chamber which is initially at higher pressure than the formation is 
measured to give sui indication of the pressure of the earth fonhatioa 

Preferably, an ultrasonic transducer within or comprising the chamber 
disintegrates or fluidizes the mudcake so there is no resistance to fluid flow from the 
chamber to the formation. There is no need to apply a draw-down pressure as with 
other approaches, resulting in faster measurements of earth fonmation pressure. Thus, 
there is no need for pretests, sampling or pumps. This approach can be used to make 
mo^dng or stationary measurements of earth formation pressure, as discussed below. 

Brief Description of the Rpires 

Hgures 1 and 3 are sdiematic drawings of a tool for evaluating earth 
formations in a borehole. 

Figures 2a-b illustrate relative pressures of mud column fluids, earth formation, 
and pressure gradient in the mudcake. 

Figures 4a-c illustrate different pressure drops occunring in isolated portions of 
the formation when mudcake is undisturbed and when mudcake is fluidized. 

Figure 5 shows a schematic of an acoustic horn. 

Detailed Description of the Invention 

Figures 1 and 2 arc schematic drawings of a tool 10 for evaluating earth 
formations 12 in a borehole 14» A logging-{or measuring)- while-drilling version of the 
tool 10 enters the borehole 14 as part pf a drill stem 16 behind a drill bit 1 7 which 
bores into the earth formation 12. Such logging-while-drilling tool logs data 
representing characteristics of the formation as a function of depth. The drill stem 16 
or a drill collar, which holds the drill bit 17, comprise a housing of the tool 10. Drilling 
muds form a mud colunm 18 which is pumped to circulate through the borehole 14: 
down through the center of the drill stem 16 and up along the borehole wall to carry 
cuttings of the formation to the surface. As the mud column 18 circulates, mud 



accumulates on the walls of the borehole 14, fornuhg a raudcake 20. A stabilizer 22 
(one shown, typical of four arranged laterally around the tool, for example) centers the 
tool 10 within the borehole 14. Pressure sensors 24 (one shown, ^ical of any number 
and described bdow) are mounted on an outer surfece of the staUizer 22 such that 
pressure sensors directly engage the borehole wall while the tool 10 is moving and 
drilling, or idle and stationaiy. The pressure sensors 24 are preferably mounted on a 
stnjctune like the stabilizer 22 which projects radially beyond the diameter of the drill 
stem 16 or dnH collar. In tUs manner, the pressure sensors 24 are more likely to 
engage the borehole wall. Alternatively, the pressure sensors 24 are mounted directly 
on the housing of the tool 10. 

Rgure 2a is an enlaiged portion of Figure 1. Mudcake 20 forms a relatively 
inq)emteable monbrane b^ween die drilling mud 1 8 compriang a mud column and the 
formation IZ F^ure 2b illustrates relative pressures of the drilling mud 1 8, mudcake 
20, and earth foraiation 12. Pressure is very general^ iUustrated as a fimction of 
distance from the center of the borehole. Pressure in the wellbore (borehole) is high, 
the drilling mud 1 8 being under great pressure as thqr are pumped through the 
borehole 14. A pressure drop occurs across the mudcake 20 which forms a relatively 
impeameable membrane between the formation 12 and driUing mud 18. Pressure at the 
fonnation 12 is lower than that of the driffing mud 20 in the borehole 14. This assumes 
uniform pressure in the formation as a function of distance from the borehole for 
simplicity, not excluding pressure change due to invasion or supercharging. US- 
Patent Nn 5.463 549 tn Dussan V. et a1, 

Figure 3 is an enlarged view of a portion of Figure 1 . A pressure sensor 24 is 
mounted on a stabilizer 22 which engages the formation 12 at a wall of the borehole 
14. The pressure sensor 24 includes a cup 26 inserted in an outer surface of the 
stabilizer 22. The cup 26 defines a chamber. For this embodiment, a grommet 28 seals 
the cup 26 in place. Alternatively, a recess cut into the outer surfece of the stabilizer 
22 can define the chamber. The cup 26, or recess, is open at one end to receive solids 
or fluids, like the drilling mud 18. mudcake 20, or other borehole or formation liquids 
or materials. A pressure gauge 30 connects to the chamber and control circuitry 32 to 
measure pressure within the chamber. An acoustk: hora 34 protrudes into the 
chamber. Drive circuitry 36 connects to the acoustic horn 34 and mdudes a feedback 
controller and power supply, for example. 



The pressure sensor 24 isolates a portion of the formation 12. Specifically, the 
pressure saisor 24 isolates a section of the borehole wall» enclosing drilling muds 18a 
and mudcake 20a within the chamber. As discussed concerning Figures 2a and 2b, the 
pressure in the chamber is initially that of the borehole 14. which is substantially above, 
the pressure of the formation 12. As a result, the mudcake 20a forms a relatively 
impermeable membrane between the chamber and the formation 12, restricting fluid 
flow between the chamber and the formation 12. The drive circuitry 36 oscillates the 
acoustic horn 34 at a chosen frequency for a time period determined by the control 
drcuttiy 32. In tMs manner, the acoustic horn 34 emits an acoustic pulse through the 
drilling mud 1 8a toward the mudcake 2(fcL The acoustic pulse fluidizes the mudcake 
20a. That is, the acoustic pulse is of sufficient intensity and frequency to vibrate or 
oscillate the mudcake 20a into fluid suspension within the drilling mud 1 8a. The 
mudcake 20a fluidizes in microseconds. In effect, the mudcake "membrane" 
disintegrates. Because the borehole pressure is substantially above that of the 
formation 12 and because the mudcake 20a has fluidized, fluid flow occurs between 
the chamber and the formation 12 until pressure equilibrium is reached. The pressure 
gauge 30 generates a signal indicating the pressure of the chamber at or near 
equilibrium to the control drcuitry 32. TMs rignal represents a direct measurement of 
the pressure in the formation. Alternatively, if the formation is supercharged due to 
forced invading fluids, it is then possible to measure the supercharged pressure, instead 
of the true formation pressure. The control circuitry 32 then transnuls this formation 
pressure signal to a memory for storage, or to the surfece to be recorded as a log or 
for processing to evaluate a characteristic of an earth formation. Preferably, the 
pressure measurement is made while the mudcake is being fluidized by the acoustic 
horn 34. 

Figures 4a^ illusmiie different pressure drops occurring in isolated portions of 
the formation when mudcake is undisturbed and when mudcake is fluidized. Figures 
4a-c plot pressure as a funaion of time. Referring to Figure 4a, in one experiment 
using a laboratory set-up, a tool having a pressure sensor 24 was moved through a 
high-pressure fluid against a mock-up of an earth formation having mudcake. The 
pressure sensor was moved until the chamber isolated a portion of the formation, 
enclosing high-pressure fluid and mudcake within the filled chamber. A pressure gauge 
was connected to indicate pressure within the chamber. The fluid and mudcake were 
left undisturbed. Because of the great pressure difference between the high-pressure 



fluid and that of the formatjcMi, fluid flow eventually occurred through the roudcake 
membrane, though very siov»^. Pressure in the chamber contfaiued to drop over a 
relatively long time towards cquiKbrium, approacWng that of the foimation pressure, as 
Figure 4a indicates. In one test, uiitial pressure m the chamber, corresponding to mud 
column pressure, was about 325 psi. Formation pressure was about 1 05 pa. After 
one hour, pressure in the chamber had dropped to 125 psi. stiU weU above that of the 
formation pressure. This stow pressure drop ilhistrates the relative impenneability of 
themudcake. 

Refcning to Figure 4b, in another experiment with the laboratory set-up, the 
tool having a pressure sensor 24 was again moved through the high-pressure fluid 
against the formation and mudcake. The pressure sensor 24 was moved until the 
chamber isolated a portion of the fom»ation. encloang high-pressure fluid and 
mudcake within the filled chamber. The pressure gauge indicated pressure within the 
chamber. Initially, the fluid and mudcake were left undisturbed. Fluid flow through 
the mudcake was negOgible. Pressure in the chamber started to drop slowly towards 
equifibrium. in the manner of Figure 4a. However, at time T. the horn of the pressure 
sensor 24 produced an acoustic pulse. The acoustic pulse fluidized the mudcake. 
disintegrating the mudcake membrane. Because the mudcake had been fluidized and 
because the borehole pressure is substantially above that of the formation, fluid flow 
occuired between the chamber and the foimation. Pressure equilibrium, equal to 
fonnation pressun^ was reached in microseconds. The pressure gauge generated a - 
signal mdicating the pressure of the chamber at equiUbrium. The signal {torn the 
pressure gauge represented a direct measurement of formation pressure. 

Figure 4c iUustrates still another experiroem with the laboratoiy setHip. The 
tool having a pressure sensor 24 was again moved Uirough the high-pressure fluid 
against the formation and mudcake. enclosing high-pressure fluid and mudcake within 
the filled chamber. Wellbore pressure was 900 psi and formation pressure was 5G0 psi 
The pressure gauge continuously meajnired pressure within the chamber as indicated 
by the curve. Initially, the fluid and mudcake were left undisUiri)ed. There is an initial 
slow decay to pressure equilibrium, in flie manner of Figure 4a, is shown at curve Pa. 
However, at time Ta the horn of the pressure sensor 24 produced an acoustic pulse. 

The acoustic pulse at time Ta fluidized the mudcake. Because the mudcake 
had been fluidized. pressure in the chamber drops to formation pressure in 
microseconds, as evident from the curve. Thus, the pressure gauge generates a signal 



indicating a direct measurement of formation pressure, made while the tool moves and 
engages the surfice of the formaUon. Similarly, the horn produced an acousUc pulse at 
times Tb and Td and pressure equilibrium was reached and formation pressure was 
measured in microseconds, as indicated by the curves Pb, Pd. At time Tc. the horn 
was silent, and the expected slow decay to pressure equilibrium continued oyer a 
period of about 4 imnutes as shown by curve Pc. 

It is also possible to make formation pressure measurements while moving the 
tool 1 0. In still another experiment with the laboratoiy set-up. measurement-whne- 
moving conditions were simulated. A tool was pressed against and dragged along the 
surfece of the formation while pressure measuremmts were made. This experiment 
ilhistrated that it is not necessaiy to have a stationary tool to make these pressure 
measurements. On the contrary, it is possible to make formation pressure 
measurements whHe moving a tool through a borehole. Such a moving tool can be 
part of a drill string, for example. 

A mock-up pressure sensor was moved until the chamber isolated a portion of 
the formation, enclosing only high-pressure fluid containing mud filtrate within tiie 
filled chamber. The tool was pressed against and dragged along the surface of the 
formation at 10 feet per hour at 1 000 psi. Due to the large mud particle size 
distribution of the filtrate compared to tiie gap between the chamber fice and borehole 
wall, the mud itself seals the chamber to the borehole wall. A gap as large as 0.5 mm 
can be clogged by the particles as large as 100 microns, which are normally found in 
drilling muds. The ability of mud to create such a seal is described in US Patent 
AppBcation. Serial No. 08/483,137 to Auzerais. et al.. filed June 7.1995. concerning 
Figures 13a-f, for example, which is incorporated herein by reference. 

A pressure gauge continuously indicated fluctuating pressure within the 
chamber. Wdlbore pressure was 200 psi. Formation pressure was 150 psi. The mud 
filtrate was hydraulically flushed from inside the chamber. Flushing the mud filtrate 
simulated the effects of an acoustic hofn for the purposes of this experiment. 
However, mud filtrate under influence of the higher wellbore pressure continued to 
seal the outside of tiie chamber. 

As mud filtrate is flushed from inside the chamber, where the chamber abuts the 
formation, pressure within the chamber quickly drops to that of tiic formation pressure. 
As flushing ceases, the mud filtrate accumulates within die chamber, again forming a 
membrane against the fonnation. The pressure within the chamber is not affected by 



the sealed-ofif wellbore pressure. Pressure within the chamber indicates fdiination 
pressure of a moving borehole tool. 

Figure 5 shows a schematic ofone example ofan acoustic horn. The horn 
comprises an acoustic transducer on the order of 3 cm in diameter and S cm long. The 
horn is designed to vibrate at 53.5 KHz in the axial direction, for example. TTie design 
of the horn bcludes a node at its base, chosen so the horn directs a very narrows stream 
of focused acoustic energy along its axis toward the mudcake. It is this narrow stream 
of focused acoustic energy which vibrates the mudcake into suspension within the fluid 
contained in the chamber. The mounting ring seals the horn within the chamber. 
Stainless steel terminals connect via wires to the driving circuitiy to receive an 
oscillating signal 6om the driving circuitiy. Piezoelectric crystals between the 
dectiodcs are tuned to vibrate the hom at 53.5 KHz, for example. A concave surface 
of the vibrating output 6ce can be added to focus the beam of energy emitted by the 
hom 24. 

Modificationstothisembodimentareapparent. For example, mechanical 
devices, such as stirrers or mixers, could be driven by hydrauOc or electrical power to 
agitate the fluid in the chamber untfl a portion ofthemudcalcefluidizes. Also, fluid jets 
drawn from the pressurized mud column could agitate the fluid in the chamber until a 
portion of the mudcake fluidizes. The cup itself or other member defining the chamber 
can be vibrated by the driving circuitiy. In this case, there is no need for a hom. 
Details of this embodiment are described further in copending US Patent Application 
60. 1264. incorporated herein by reference. Other horns are described in U.S. Patent 
Reissue No. 33.063. 

In addition, volume expansion, as occurs in the MDT filter valve, can also 
remove mudcake from the borehole wall. The chamber could be defined by a 
cyHndrical bore and piston, for example. As the piston is withdrawn, the volume of the 
chamber would expand. Pressure within the chamber would drop which would remove 
mudcake from the borehole wall. 

Pressure is one parameter ofan earth formation which can be measured to 
evaluate the earth fomutioa Other parameters, such as density, lithology. resistivity 
gram structure or size, porosity, etc., can be measured after the mudcake is fluidized 
using nuclear, electromagnetic video or geoacoustic borehole tools. 

Thetool IOcanbeeitherawireRnetool.oralogging-while-drillingtooI A 
wireline version of the tool 10 cap be lowered into the borehole 14 on a cable and is 



winched to the surface whfle data representing characteristics of the formation^a-a . 
function of depth are logged. A housing 16 of a wireline tool 10 encloses necessary 
electronics to isolate them from borehole fluids the tool housing. A retractable arm 
could extend from the housing, forcing the tool against the formation so that the 
recessed chamber in the exterior surface of the housing, oppoate the retractable arm, 
isolates a portion of the formation. In the case of underbalanced conditions, where 
there is no mud coIurui, for instance, pressure can than be measured directly, without 
operating the acoustic horn. 



CLAIMS 

1- Amethodforevaluatingacharacteristicofafonna^^^ 
placing a tool in a borehole in a fonnatioi^ 

isolating a portion of the fonnaUon by placing a chanAer of the tool against a 
waD of the borehole; 

P">*^-«v.^rations^-thinthechamberandloosenlngmat^ 

borehole wall; 

"'-^i-gPre^-rewithlnthechanAerandprodu^^ 
signal; and 

using the signal in evaluating a characteristic of the fonnation. 

2. The method of claim 1 , comprising: 

producing a first signal representing pressure v«thin the chamber while 
produong vibrations within the chamber. 

3. The method of daim 2, comprising: 

produd^g motion ,«thi„ the d«unber by vibrating fluids within the duunber. 

4. The method ofdaim 3, comprising: 
vibrating the fluids with an acoustic transducer. 

5. The method ofdaim 1, comprising: 

pnxludng motion within the diamber by vibrating fluids within the d,amber. 

6. ;^-<^''ofindica.in8anearthforn«tiond«^eri^ 

-'^'"Saportionofabordiolewallofafonnationwithaboreholet^ the 
isolated portion containing fluid and material; 

'"^-g^^-terial. with the l^rdiolM^^^^ 
isolated portion of the borehole waD; 

producing a signal with the borehole tool representing a parameter of the 
formation adjacent the isolated portion of the borehole wall; ami 

indicating an earth formation diaraceristic based on the produced signal 



7. The method of cldm 6, composing: 

vibrating the material into fluid suspendon with an acoustic transducer. 

8. The method of claim 7, comprising: 

isolating the portion of the borehole wall wth a recess of the tool which defines 
a chamber. 

9. The method of claim 7, the material comprising mudcake, the steps comprising: 
generating a pulse with the acoustic transducer sufficient to fluidize the 

mudcake. 

10. The method of claim 9, comprising: 

generating a narrow stream of acoustic energy against the mudcake. 

11. A method of indicating an earth formation characteristic, the steps comprising: 
defining a volume by isolating a portion of a borehole wall of a formation with 

a borehole tool, fluid and mudcake bring adjacent the borehole wall witUn the volume; 
fluidizing the mudcake within the volume; 

deteaing pressure of the volume and produdng a signal vwth the borehole tool 
related to pressure of the formation adjacent the isolated portion of the borehole wall 
as pressure of the formation and of the volume reach equilibrium; and * 

indicating an earth formation characteristic based on the produced signal. 

12. The method of claim 1 1, comprising: 

urging the borehole tool against the formation; and 

isolating the portion of the borehole wall with a recess in the borehole tool. 

13. The method of claim 12, comprising: 

moving the fluid in a manner wWch puts mudcake of the isolated portion into 
fluid suspension. 



14. The method of claim 13, compri^ng: 



using an acoustic transducer to ^rate the fluid and Buidize the mudcake. 



15. The method of claim 1 1. conq)riang: 

moving the fluid in a manner wUch puts mudcake of the isolated portion into 
fluid suspen^oa 

16. Apparatus for evaluating an earth formation characteristic, comprising: 

a body for passage within a borehole in a fomiation, the borehole containing 
fluid and having a wall; 

the body having a chamber for isolating some of the fluid and a portion of the 
borehole wall; 

an element associated with the chamber for moving material mthin the chamber 
into suspension within the fluid, and 

a pressure sensor for producing a signal related to pressure within the chamber, 
the sgnal indicating an evaluation of a characteristic of the formatioa 

17. The apparatus of dsum 16, wherdn the chamber is formed by a recess in the 
body. 

18. The apparatus of claun 17, the element comprising an acoustic transducer for 
directing acoustic energy through the fluid toward the mudcake. 

1 9. The apparatus of claim 1 8, the acoustic transducer having a generally 
dongated horn extending into the chamber for producing a substantially a)dal pulse 
with respect to the elongated horn. 

20. The apparatus of claim 19, the body comprising: 

a portion of a borehole tool for gathering data about the formation from within 
the borehole. 
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